Valvular heart disease is a pathologic process involving one or more of the four valves (aortic, pulmonary, mitral and tricuspid) of the heart typified by stenosis or regurgitation and leading to patient symptoms. The most common causes are tissue degeneration, rheumatic fever and congenital heart diseases. Aortic valve replacement (AVR) using either mechanical or bioprosthetic (tissue) valves via open-heart surgical AVR (SAVR) is the most widely accepted standard treatment. The choice of which valve type to be used depends on patient age, disease nature and other comorbidities. A study conducted by Khan and colleagues compared outcomes of mechanical and tissue cardiac valves and found that tissue and mechanical valve recipients have similar survival over 20 years of follow-up [1] . However, differences were found: there is an increased risk of hemorrhage in patients receiving mechanical valve replacements and an increased risk of late reoperation in all patients receiving tissue valve replacements. Randomized trials show more midterm morbidity with mechanical valves when compared to bioprosthetic valves ( Table 1) . The major argument against the use of bioprosthetic valves in young and middle aged patients is the inevitability of reintervention for structural valve failure. On the other hand, mechanical valves are heralded as a life-long solution. Current literature suggests that most patients receiving tissue valves do not have a reoperation. This is supported by life-table analysis of large data sets which suggest that the average life-expectancy of a 60 year-old after AVR is about 12 years [2] . Because most bioprosthetic valves are free from structural deterioration for 12 -15 years, many patients will die before the valves degenerate. The risk of tissue valve reoperation increases progressively with time, especially in younger patients. The American College of Cardiology/American Heart Association (ACC/AHA) recommends that a bioprosthetic valve be indicated for in patients of any age for whom anticoagulant therapy is contraindicated, cannot be managed appropriately, or is not desired and a mechanical prosthesis is reasonable for AVR or mitral valve replacement (MVR) in patients less than 60 years of age who do not have a contraindication to anticoagulation [3] . Up to now, clinical practice has largely followed this recommendation. During the last two decades, there has been an increasing trend for surgeons to implant a bioprosthetic as opposed to a mechanical valve. This trend has greatly accelerated in the last few years with the approval and broad adoption of transcatheter aortic valves. As a result, an increasing incidence of patients requiring reoperation for failing bioprosthetic valves is to be expected.
While the current guidelines are clear that patient choice and willingness to take anticoagulation are critical driving factors in valve choice, the fact is that presently older patients preferentially receive bioprosthetic valves while younger patients receive mechanical valves. We believe that there is considerable evidence for consideration of bioprosthetic valves as a preferential choice for valve replacement in patients below 60 years of age [4] . Reoperative cardiac valve replacement is a more complex procedure involving repeat sternotomy and removal of the previous prosthesis that potentially presents higher mortality and morbidity rates. In one study, results in 3,380 patients who underwent elective, isolated reoperative AVR were compared with those in 54,183 patients who underwent isolated primary AVR during the same period. The authors concluded that reoperative SAVR was associated with higher operative mortality (4.6% vs. 2.2%, P < 0.0001) and higher composite operative mortality and major morbidity (21.6% vs. 11.8%, P < 0.0001) including stroke, vascular complications, and postoperative aortic insufficiency [5] . Another consideration is that complications specific to mechanical valves are more devastating than complications specific to bioprosthetic valves. Structural valve failure in tissue valves is rarely an acute emergency. This is in contrast to complications of mechanical valves for which structural failure is an acute emergency, and the permanent neurological sequelae of embolic or hemorrhagic stroke which can result in catastrophic changes in a young person's life. The negative impact of mechanical valves on day to day quality of life, especially for young active individuals is significant but certainly understated.
Technological progress has resulted in the availability of transcatheter aortic valve replacement/implantation (TAVR/TAVI) using implantable bioprosthetic valves for patients with severe aortic valve disease. TAVR has been demonstrated to be a valuable alternative since its first clinical use in 2002 for aortic stenosis (AS) in a selected high-risk surgical patient population and, when successful, results in marked hemodynamic and clinical improvement [5] [6] [7] . The indications for TAVR have been expanded from the initial high surgical risk patients to currently include intermediate surgical risk patients [8] [9] [10] and clinical trials are underway to determine the feasibility, safety and effectiveness of TAVR in low surgical risk patients with AS as well as in patients with isolated aortic regurgitation [11] [12] [13] . TAVR with the Edwards SAPIEN 3 valve in intermediate-risk patients with severe AS is associated with low mortality, strokes, and regurgitation at 1 year [10] . In another study, at the end of a 2-year follow-up, the rate of all-cause mortality or disabling stroke was 19.3% in the TAVR group and 21.1% in the SAVR group (P = 0.25), demonstrating the non-inferiority of TAVR [9] . In a transfemoral approach cohort, TAVR resulted in a lower rate of mortality or disabling stroke than surgery, whereas in the transthoracic access cohort, outcomes were similar in the two groups. It must also be noted that TAVR resulted in larger aortic valve areas than did surgery and also resulted in lower rates of acute kidney injury and severe bleeding whereas surgery resulted in fewer major vascular complications and less paravalvular aortic regurgitation (PVR). This study demonstrated that both mild and moderate/severe PVR predicted higher 1-year mortality [14] . Permanent pacemaker (PPM) requirement is another complication of TAVR. PPM was required in 8.8% of patients without prior PPM who underwent TAVR with a balloon-expandable valve in the PART-NER trial and registry. For self-expandable valves the incidence was found to be even higher (22.6%) [15] . It is not clear at this time exactly what effect this will have on morbidity and mortality when compared with TAVR and SAVR patients who did not require post procedure PPM. At the current time, the most widely used transcatheter prosthetic valves are Edwards SAPIEN (XT)/SAPIEN3 and Medtronic CoreValve or CoreValve Evolut R valves, with other valves in development.
As the population ages, cardiac surgeons and cardiologists are faced with an increasing number of elderly patients who have structural valve degeneration of previously placed surgical bioprosthetic heart valves. Transcatheter valve-in-valve (ViV) implantation is emerging as a treatment option for patients with deteriorated bioprostheses. It has been demonstrated that a number of patients undergoing ViV procedures exibit high postprocedural gradients. This incidence is higher in patients that had smaller (21 mm) bioprosthetic valves implanted at their original surgery [16] . Coronary obstruction and thrombosis could potentially limit its use. ViV has been used in aortic, mitral, tricuspid and pulmonary valve positions. There are different types of transcatheter valves used for ViV. In one study, there were 6 types of transcatheter heart valves implanted in degenerated bioprostheses through different anatomic access sites [17] . ViV is reserved to replace a failed bioprosthetic heart valve ( Fig. 1) . However, transcatheter mitral valve replacement was successfully performed after surgically explanting a mechanical mitral valve prosthesis [18] .
As with every transformative technology, it remains imperative to evaluate the short-and long-term outcomes of a minimally invasive technique when compared with the standard open surgical technique. The heart team must make these decisions in conjunction with the patient not only for the primary valve but also for the ViV procedure. For elderly, high-risk patients with structural valve degeneration, transcatheter options almost certainly provide reasonably comparable outcomes.
In summary, it has been suggested that there is no difference in long-term (20 years) outcomes between aortic bioprosthetic and mechanical valves [19] [20] [21] . Midterm morbidity is worse with mechanical valves. While reoperation rates are low with bioloprosthetic valves, the requirement for reoperation in patients with mechanical valves is not insignificant. Reoperative cardiac valve surgery has much higher mortality and morbidity compared to initial SAVR, especially in elderly patients that have multiple comorbidities. In elderly and other high-risk patients requiring reoperation for bioprosthetic structural valve failure, transcatheter ViV implantation has been proved to be a viable treatment option and appears to have shorter ICU stay, shorter hospital stay and lower surgical risk in shortterm studies [16, 22] . Given similar 20 year outcomes for SAVR with mechanical and bioprosthetic valves, and the availability of ViV replacement for failed bioprosthetic valves, it may be reasonable to consider bioprosthetic cardiac valve as the first choice for patients who require heart valve replacement even in younger patient populations. However, long-term outcome studies on ViV replacements are necessary.
